The use of Information and Communication Technologies (ICT) in health (e-health), has been proposed as a useful tool to increase efficiency in provision of healthcare. However, application and integration of e-Health still has many challenges, often resulting in implementation failure. Interested healthcare institutions in countries such as Botswana must first ensure their preparedness for the anticipated challenges brought about by programmes related to ICT use. Such preparedness is termed e-Health Readiness. Any ICT use creates e-waste (or Waste Electrical and Electronic Equipment, WEEE), Therefore one criterion for judging a country's degree of e-Health Readiness should be how it handles its e-waste. Generation of large quantities of e-waste will be an inevitable result of increased ICT consumption by the healthcare sector. This study assesses the status of ewaste management in Botswana, as one of the indicators that could be used to determine the degree of e-health readiness of Botswana. The study design was based on a literature review, and initial use of an adapted e-waste assessment questionnaire developed by the Swiss company Empa (Appendix 1). This study shows Botswana still faces challenges with e-waste management. These challenges are similar to those faced by other developing countries: an absence of infrastructure for appropriate e-waste management, an absence of legislation dealing specifically with e-waste, an absence of a framework for end-of-life (EoL) product take-back or implementation of extended producer responsibility, limited public awareness about proper waste management and disposal practices, as well as limited technically skilled human resources to deal with issues such as e-waste recycling. This study has highlighted that Botswana needs an enhanced and enforced e-waste management strategy as a catalyst towards e-Health Readiness.
Introduction
The use of Information and Communication Technologies (ICT) in health (e-Health) has been proposed as a useful tool to increase efficiency and improve both access, and quality of healthcare [1] . As a result, both the developed and developing world have seen a rise in the implementation of e-health innovations [2] . However, Implementation of e-health systems in any setting will result in increased electronics consumption and an inevitable increased generation of waste EEE (WEEE or e-waste) [5] . Seven areas of concern have been described regarding e-waste: volume (increasing globally and locally every year), complexity (e.g., a modern
Methods
The study design was based on a literature review, and use of an adapted e-waste assessment questionnaire developed by the Swiss Company Empa (https://www.empa.ch/, Appendix 1), which has been applied in Uganda, Trinidad & Tobago, and Tanzania in 2008, 2010, and 2011 respectively [11] [12] [13] . Google Scholar was used to search and locate published studies on e-waste management in Botswana. The following search terms were used: e-Waste management AND Botswana, e-Waste management policies AND Botswana, waste electrical and electronic equipment management in Botswana, and waste management in Botswana. The ewaste assessment questionnaire was distributed to two major Universities in Botswana with high student populations and intensive use of ICT. One being a public University and the other a private University. The questionnaire aimed at identifying the sources and quantities of EEE at these institutions, as well as their EoL management.
Results and Discussion
Data from Statistics Botswana (Figure 1 ) confirms the importation of large quantities of EEE into Botswana between the periods 2010 to 2015. Botswana by 2005 was estimated to have about 150,000 PCs all of which are now obsolete [14] . Depending on the life span of individual equipment, all will ultimately end up as e-waste. The sources of e-waste in Botswana are quite diverse, as it emanates from individual households, corporate sectors, public institutions, Government departments and others [15] . Unfortunately Botswana does not have a national database to provide information on how much (EEE) is present within the country, where it is and where it is moving to [16] . Lack of such information can ultimately hinder any plans geared towards e-waste management.
The literature review showed that Botswana lacks any form of specific legislation or policy addressing e-waste management. The only form of relevant legislation available is the Waste Management Act passed in 1998. The Basel Convention is incorporated into the country's Waste Management Act, to deal with issues such as managing and handling of hazardous waste [17] . WEEE is classified as hazardous waste in the Basel Convention, but it is more concerned with control of transboundary movement of such waste rather than measures of handling it. In Botswana, e-waste is generally considered an integral part of municipal solid waste [16] .
Most of the electronic waste in Botswana ends up in landfills where it remains piled up as there are currently no recycling or reclamation facilities to handle this category of waste [15] . However, there is a computer refurbishment project established in 2008 which restores, recovers and rehabilitates used computers with minor problems from government organisations, households, and private companies. Such repaired computers are often distributed for use in domestic schools or else to other countries for recovery [18] . Large quantities of mostly dysfunctional and irreparable computers and printers have also been reported to be accumulating at the project's warehouse since operation began [15] . Continued dumping of WEEE at landfills cannot be seen as a sustainable solution by the country due to the resulting negative environmental and health impacts [5, 6] . Furthermore, Botswana is already experiencing a shortage of land to be reserved for landfill sites [19] . Chancerel and Rotter emphasised that the practice of landfilling of WEEE together with other municipal solid waste has both resource and pollution implications and therefore calls for the development of more sustainable management strategies [20] .
In order for Botswana to be prepared for the anticipated challenges that can be brought about by the exponential growth in e-health implementation, an e-waste management strategy is required. This may include; developing policy and legislation on e-waste management, establishing a country e-waste inventory, and encouraging public-private partnerships in e-waste management. From the questionnaire distributed to the two tertiary institutions, it can be concluded that both Universities did not have a readily available and comprehensive inventory of their EEE that is, or is not, in use -both gave only estimated figures for such equipment. Both institutions also lacked a policy for management of e-waste. Worse, development of such a policy was not in their immediate plans. Without an ewaste management policy at the government level it is to be expected that most local institutions would not be encouraged to develop such a policy.
Botswana is a net importer of EEE as none is produced or assembled locally, requiring purchase of international brands of equipment either through local suppliers or retail shops. Without policy to incentivise proper handling of WEEE Botswana lacks proper sourcing and processing of WEEE as well as the technical capacity to fully engage in e-waste recycling. The situation in developed countries and some parts of Asia is different, as most of the producers of WEEE are domestic, making it simpler for a country to develop e-waste policies that involve the cooperation of both producers and municipalities in the collection and treatment of e-waste [16] . It has been documented that countries in Europe and Asia are increasingly putting in place "take-back" laws that require the manufacturer to take back the used products at their EoL [21] . Both institutions from this study had on average a minimum replacement period of 2-5 years for new equipment after which it is mostly sold 'as is' to the public through auctions, or kept in storage. Based on the above understanding of the life cycle of EEE in Botswana, it is clear that the general public are ultimately the most crucial component of the cycle and hence their awareness and attitude towards e-waste management is of utmost importance. Therefore, the success of any e-waste management strategy will be dependent upon the public's awareness, attitudes, perceptions, and sociocultural practices regarding waste management. Upon purchase of a brand new product, or obtaining a second hand product or donation, the general public are the ones who ultimately determine how the obsolete piece of EEE is disposed of at its EoL. A study carried out in the capital city of Botswana, Gaborone by Mburu and Tuduetso indicated that 64% of the respondents were aware of the dangers of e-waste and that they are supposed to discard it safely, while 34% were not aware [14] . About 2% indicated that they did not care. The authors concluded that most households in the city where aware of the dangers of e-waste but they did not know how to manage it. This outcome was to be expected since the Government does not have any e-waste management policies or infrastructure in place to handle such waste.
The situation was found to be different in a study carried out in the northern part of Botswana that indicated low level of awareness amongst residents regarding waste management [22] . This suggests there may be geographical differences in the public's awareness and hence attitude towards e-waste management. Contributing factors in this case could be differences in literacy rates and the ease of information dissemination on waste management in the capital city as compared to rural and remote villages in Botswana. As a result comparatively more city dwellers would appreciate the need for proper e-waste management. Interestingly another study by Mmereki et al. indicated that there was generally a limited public awareness about proper waste management and disposal practices in Botswana [23] .
Despite the above, it must be noted that awareness or public appreciation of the dangers of e-waste does not readily translate to mean the eagerness of the public to participate in any e-waste management initiative. A perception by some of the participants in a study carried out in Gaborone, Botswana by Mburu and Tuduetso was that proper disposal of e-waste was too much work without any reward [14] . These participants might have been comparing the disposal of e-waste to that of other waste categories in Botswana. For example, public can send glass bottles, steel cans and metals scraps to certain companies in return for a financial reward. It therefore means that the public might require some incentive in order to fully participate in e-waste management practices. Sinha-Khetriwal et al. validate this fact by documenting that in India, the main incentive for participating in e-waste recycling is usually for financial profit and not because of environmental or social awareness [24] .
Sinha-Khetriwal et al. also noted that there is no single solution for an e-waste recycling system; any effective solution will depend very much on the economic and cultural context in which the system operates [24] . Consequently each country must carefully examine its own setting and develop an appropriate solution.
Conclusion
One way of judging a country's degree of e-Health Readiness should be how it handles its e-waste. This is a very important factor as with the growing implementation of e-health in any setting, there is an inevitable increase in the generation of e-waste. Based on the results of this study, Botswana is lacking in this regard and would not be considered an e-Health ready country. The challenges facing Botswana with regards to e-waste management are similar to those faced by many developing countries. Osibanjo and Nnorom noted that the challenges facing developing countries in e-waste management include: an absence of infrastructure for appropriate waste management, an absence of legislation dealing specifically with e-waste, and an absence of any framework for EoL product take-back or extended producer responsibility [25] . Added to these challenges, there seems to be limited public awareness about proper waste management and disposal practices in Botswana, as well as limited technically skilled human resources to deal with issues such as e-waste recycling.
It is recommended that Botswana pursue two directions. First, raising awareness of those in the health and healthcare sectors about the environmental impact of ehealth. Second, developing informed and appropriate ewaste management legislation and practices that can work in the context of Botswana rather than just adopting those from the developed world. 
